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(54) Title: LASER SURFACE TREATMENT 



(57) Abstract 

A method of modifying the reflectivity and 
emissivity of a surface of a material comprises the 
steps of irradiating the surface with a beam of co- 
herent pulsed radiation at a power sufficient to gen- 
erate a surface plasma and scanning said beam ac- 
ross said surface. Successive pulses of radiation are 
caused to overlap and chemical change at the sur- 
face is promoted by provision of a localized atmo- 
sphere. The surface produced has features on a scale 
of less than 50 microns and is restricted to a depth 
of less than 10- 3 cm. The body of the material is not 
affected. 
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LASER SURFACE TREATMENT 

The present invention relates to a method of 
modifying the reflectivity and/or of a surface of a 
metal . 

5 

Most surfaces reflect radiation over a wide 
range of wavelengths and do so with a varying 
reflectivity at different wavelengths. This 
characteristic can be used in a number of ways and has 
10 differing effects. For example, in an armaments 

environment, a laser is used to interrogate a vehicle 
and the signature of the vehicle is determined by the 
reflectivity of the surface. This is used to identify 
an enemy and the type of vehicle. The emissivity of a 
15 surface, which is related physically to the surface 

reflectivity is also an important parameter in 
determining the rate with which a surface loses or gains 
heat by radiation. The emissivity of a surface is for 
example critical in the cooling of spacecraft where 
maximum emissivity is desirable to reduce the 
temperature of the spacecraft and avoid damage to the 
vehicle. Such surfaces would have a low reflectivity at 
wavelengths in the infrared. 
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The emissivity of a surface can be modified in 
a number of ways. To enhance cooling of a surface in a 
spacecraft it is known to use special paints but these 
are prone to erosion due to the radiation, atoms and 
ions present in space. Similarly, specific materials or 
paints have been used on armaments to change their 
reflective characteristics and reduce their reflectivity 
to radar and laser range-finding devices. However, 
these treatments tend to be expensive and not permanent. 
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It is, therefore, an object of the present 
invention to provide a method of modifying the 
reflectivity and hence the emissivity of a surface that 
obviates or mitigates the above disadvantages. 

According therefore to the present invention 
there is provided a method of modifying the reflectivity 
of a surface of a material comprising the steps of 
irradiating the surface with coherent pulsed radiation 
at a power sufficient to generate a surface plasma and 
scanning said radiation across said surface. 

In general terms the present invention 
modifies the reflectivity of a surface by generating a 
surface plasma which, combined with the pulsed nature of 
the radiation, produces fine surface irregularities and 
leads to a change, typically a reduction, in the 

Inn l6C T ity ° f ^ SUrfaCe * A ChemiCal Cha *9e is also 
enhanced with the surface plasma that is generated. 

This chemical change at the surface can be promoted by 

proving a localized atmosphere of a specific gas for 

example oxygen to promote oxidation of the surface' 

This processing also has the effect of modifying the 

thermal emissivity of these surfaces. 

It has also been found that the surface 
produced leads to a significant increase in the 
convection losses thereby improving the heat transfer 
characteristics of the material. 

Embodiments of the invention will now be 
described by way of example only with reference to the 
accompanying drawings in which Figure 1 is a perspective 
representation of a laser surface treatment technique- 
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Figure 2 is a graph illustrating the 
reflective characteristics of the surface of one type of 
material ; 

Figure 3 is a graph illustrating the 
wavelength dependence of the reflectivity of the surface 
represented in Figure 2 after the laser treatment 
technique of Figure 1; 

Figure 4 is a graph illustrating the 
reflective characteristics of a surface of a second 
material ( aluminum ) ; 



re 



Figure 5 is a graph illustrating the 
flective characteristics of the surface represented in 
Figure 4 following the laser treatment technique 
represented in Figure 1; 

Figure 6 is a graph illustrating the effect on 
the reflective characteristics of an aluminum surface 
caused by varying the periods of treatment by the 
technique represented in Figure 1; 

Figure 7 is a curve similar to Figure 6 
showing the relationship between emissivity efficiency 
and the number of pulses of laser radiation where the 
pulses partially overlap. 

30 Figure 8 is a curve similar to Figure 7 

showing relationship between emissivity efficiency and 
number of pulses for a stationary sample of material. 
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Figure 9 is a curve showing the effect of 
different energies of the incident beam on the 
absorptivity of an aluminum surface. 

Figure 10 is a curve showing the effect of 
varying amounts of the treatment of Figure 1 on the 
convective loss of the material used in Figures 6 to 9. 

Figure 11 is a graph similar to Figure 6 
showing the effect of the treatment on copper; 

Figures 12 to 22 are reproductions and 
electron microscope scans of samples described in chart 
1 below. 

Figure 23 is a schematic representation of an 
alternative apparatus to that shown in Figure 1; 

Figure 24 is a representation of a material 
having selected areas of its surface treated by the 
technique of Figure 1. 



Referring therefore to the drawings, in Figure 
1 there is shown a laser 10 irradiating a surface 12 of 
25 a material. The laser is finely focused to a point 14 

typically having a surface area in the order of 1 mm 2 . 
The material 12 can be moved relative to the laser 10 * 
about two mutually perpendicular axes so that the laser 
can be moved to any point on the surface 12. 



The laser 10 is operated to produce pulsed 
radiation and focused to the point 14 so that the 
intensity of the beam is sufficient to generate a laser 
supported detonation wave. Typically, the threshold for 
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plasma ignition leading to a detonation wave is about 5 
x 10 8 watts/cm 2 , i.e. a fluence in the order of 
20 J/cm 2 

In use, the laser 20 produces pulsed radiation 
and the material within the spot 14 irradiated at a 
sufficient intensity so as to form a surface plasma. 
Focussing of this radiation to produce an intensity 
exceeding the threshold for plasma production results in 
an evaporation and melting of surface material. 
Material removed forms a vapor over the surface that is 
heated by the laser beam to form a plasma. The shock 
wave associated with this plasma impacts onto the heated 
surface and produces a surface roughening as liquid 
material is ejected away from the focal spot. It is 
this surface roughening together with oxidation of the 
hot material that produces a change in the reflectivity 
and emissivity of the material. As the laser 10 is 
operated, the spot 14 is scanned across the surface 12 
by movement about one of the axes. After completion of 
a row along one axis, the material is moved along the 
other axis and the scan repeated. This continues until 
the whole surface has been treated and a roughening of 
the entire surface has been effected. 

Hence an extended bulk area is built up by successive 
scans . 

The preferred apparatus is an Excimer laser, 
operating at a wavelength of 308 nm and providing an 
energy per pulse of between 10 and 1000 mJ and a pulse 
width of less than 100 ns, typically in the order of 30 
ns. This is operated at a repetition rate of 50 Hz with 
scan speed across the surface of 7 in/min. Typically, 
each area on the treated surface will be irradiated by a 
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plurality of pulses, preferably more -than 5 and more 
preferably more than 7. In the example noted above, the 
number of pulses is 17. The effect of irradiating the 
surface as noted above is to provide a number of 
overlapping pits indicated at 16 arranged in lines 
indicated at 18 across the surface. As will be 
described in further detail below, the surfaces produced 
exhibit a characteristic roughness with gross features 
produced by the overlapping pulses and, within the gross 
features, a small scale structure with a scale of less 
than 50 microns . 

The change of reflectivity as a result of this 
treatment particularized above on the surface of 
stainless steel may be seen with reference to Figures 2 
and 3. Figure 2 shows a plot of reflectivity versus 
wave number (1/ (cm)) for untreated material. it will 
be seen that the reflectivity varies between 67% and 
80%, between 4000 and 400 wavenumbers with 
characteristic peaks exhibited at particular 
wavenumbers . 



As seen from Figure 3, after being treated in 
a manner described above, the reflectivity has been 
25 reduced to a range of 18 - 69%, between the same 

wavenumber limits with the peaks significantly 
diminished. 

Figures 4 and 5 show the effect of the 
30 treatment on aluminum. in figure 4 it can be seen that 

the reflectivity for untreated material varies between 
47 and 57% between 4000 and 400 wavenumbers. After 
treatment as shown in Figure 5, the reflectivity has 
been reduced over the entire range between 4000 and 400 
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wavenumbers . Of particular importance in the curve 
shown in Figure 5 is the dramatic reduction in 
reflectivity at 3600 wavenumbers and at 800 wavenumbers 
The decrease at 3600 cm" 1 may be attributed to the 
formation of surface hydroxide during treatment. 
Similarly, the formation of a surface oxide causes a 
corresponding reduction in the reflectivity of the 
treated sample at 800 wavenumbers. 



It will be apparent, therefore, that the 
surface treatment can be enhanced by providing a 
localized atmosphere, such as an oxygen-rich atmosphere, 
at the focal point of the laser beam during irradiation. 
This would promote the formation of oxides and reduce 
15 the reflectivity further. Similarly, it may be 

preferred to utilize nitrogen-rich atmospheres to 
generate nitrides at the surface if they show a 
significant reduction in surface reflectivity at useful 
wavelengths. 

20 

The effect of the number of overlapping pulses 
is best illustrated in Figure 6. This curve shows the 
reflectivity at a fixed wavelength, typically that used 
by a laser radar, i.e. 10.6 micron versus the number of 
25 overlapping laser pulses for aluminum treated with a 

pulsed excimer laser operating under the conditions 
noted above an energy of 160 mJ/pulse.. it will be seen 
that as the number of pulses increases, i.e. the 
scanning speed is reduced or the pulse repetition rate 
increased, the reflectivity of the surface to radiation 
at a wavelength of 10.6 micron is progressively 
decreased, i.e. the emissivity at 10.6 micron is 
progressively increased. Once the material has been 
subjected to a certain number of pulses, in this case 60 
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or so, there is tendency for the curve to become non- 
linear, indicating that minimum reflectivity has been 
attamed. The number of pulses required to attain 
minimum reflectivity will of course vary from material 
to material and with the wavelength used to interrogate 
the surface. in each case however a significant effect 
is obtained after several pulses, more particularly 5 
pulses and more particularly after 70 to 100 pulses. 

This effect is attributable to the surface 
roughening and to the chemical change that occurs at the 
surface. As noted on Figure 6, as the number of pulses 
increase, the oxide creating process is enhanced which 
contributes to the decrease in reflectivity until such 
time as saturation of the surface with oxide occurs at 
between 60 and 70 pulses. As can be seen from Figure 7 
a corresponding increase in the emissivity of the 
surface is obtained. The curve of Figure 7 plots the 
emissivity efficiency expressed as a percentage of black 
body radiation against the number of pulses to which the 
surface is subjected. it will be observed that a rapid 
increase in emissivity occurs after several pulses with 
a progressive levelling off after 20 to 30 pulses. 

Figure 8 shows similar results where 
successive pulses are coincident, i.e. the laser and 
material are relatively fixed and shows that whilst a 
similar effect is obtained its magnitude is 
approximately 50% of that produced with partially 
overlapping pulses. Accordingly it is believed that 
relative movement between the laser and the material 
surface is beneficial for producing the optimum surface 
effect as well as facilitating processing. 
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The effect of intensity of the incident beam 
is illustrated in Figure 9. It will be noted that with 
higher energy levels, the initial change in reflectivity 
is increased but rapidly reaches a limit. The lower 
energy level also shows a dramatic increase but 
continues to increase the absorptivity (i.e. reduce the 
reflectivity over a greater number of pulses ) . This 
effect may be attributed the material removal that 
occurs at higher energy levels that inhibits the 
formation or deposition of oxides. In this plot the 
absorbivity to radiation emitted from a C0 2 laser is 
plotted. 

A further beneficial effect is illustrated in 
15 Figure 10 where the effect of the resultant surface on 

the convective loss is shown. It will be seen that 
after relatively few pulses a significant increase in 
convective loss occurs, in the order of 300% to 400%. 
Thereafter the convective loss is relatively constant. 

20 

It may be surmised therefore that the initial 
exposure of the surface produces a surface roughening 
that increases surface area and reduces reflectivity. 
Progressively increasing numbers of pulses maintain the 
increased surface area but also promote formation of 
chemical compounds, particularly oxides that contribute 
to the further reduction in reflectivity. 

As may be seen in Figure 11, a similar effect 
" 30 is obtained with copper as with aluminum with a 

significant change in reflectivity occurring after 5 
pulses, more significantly after 10 or more pulses. 



25 
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The parameters effecting surface treatment are 
illustrated in Table 1 below where tests produced under 
a variety of conditions are summarized. 
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TABLE I 





Excimer (303 n.M. ) 
Laser Parameters 


Material 


S • E .M« 
Fig. 


Surface 

Characterization Absorptivitv 1 




Fluence 


Over- 
lapping 
pulses 


Al 


11 


i surface roughness only 
! 5-20 microns 


.08 (8%) 




44J/cm 2 


50 
500 


Type 1100 

;500 microns 
thickness 


12 
13 


j 

underlying surface 
features covered with 
oxidized mat. 
new structure in oxidi- 
zed material 10 microns. 


.25 (25%) 

i 

i 

j .95 (95%) 




95 J/cm 2 


35 




14 


fine structure , .5-20 
microns within coarser 
structures. Shows begin- 
nings of oxide growth. 


•3 (30%) 






50 




14 


continued oxide growth, 

the f ±1 liner tin r\-F fho 

line structure. 


.38 (38%) 




35 J/cm 2 


36 


Cu 

126 micron 
thickness 


15 
17 
18 


Top view showing edge of 
processed track & 
surrounding region, 
side view of processed 
track. 2—5 micron 

structure, 
top view showing 
structure within 
processed region. 


-4 (40%) 




26 J/cm 2 


150 

stationary 
pulses 




18 


cross-section shows that 
150 pulses has removed Cu 
to a depth of 100 

luxwi uiis , wx ui nw 

modification to the 
underlying bulk material. 






26 J/cm 2 


•750 
stationary 
pulses 




20 


shows redeposited oxidize 
droplets outside of 
irradiated region. 
Particle size 1-6 
microns. Foreground shows 
untreated smooth Cu 
surface exposed in the 
cross-section . 






65 J/cm 2 


930 ~ 

stationary 

pulses 


Al 


21 


shows recrystalized 
structure within 
irradiated region. Asperit * 
structure 18 microns. 
Central depressed shows 
deformation due shock wave 
associated with such pulse 


r \ 
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The surfaces showing reduced reflectivity and 
increased emissivity each have a roughness with small 
scale structures with a scale of less than 50 microns 
and it win be observed that as the number of pulses 
increases, oxides are formed further contributing to the 
reduction in reflectivity. 

At the high incident intensities used in the 
present invention, the primary effect appears to be the 
production of a surface plasma. This plasma is created 
when vapourized target material is heated by incident 
radiation via inverse bremsstrahlung . This appears to 
be followed by the formation of a laser supported 
absorption wave that further oouples laser energy into 
the target, increasing the material removal rate. Under 
these conditions, ii guid is expelled from the focus by 
the shock wave associated with this plasma. The hot 
liquid droplets are oxidized during the process, likely 
by reaction with atomic oxygen in the greakdown plasma 
The roughened surface contains small oxide particles 
that have been entrained in a rough metal matrix, 
increased coupling of 10.6 micron radiation to this 
surface is believed to be due to this roughening and to 
the presence of entrained oxide particles. 



i.e. 



Under heavier processing conditions, _ 
exposure to a greater number of pulses, particle 
deposition results in the formation of a thick (i.e. 
less than or equal to 10 microns) oxide layer that 
yields a high coupling coefficient (i.e. low 
reflectivity) at 10.6 m. m this case, coupling appears 
to arise primarily by absorption of incident radiation 
in this oxide layer. 
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The above-described surface -treatment: 
technique is very rapid and relatively low cost. 
Moreover, because it is a permanent change in the 
surface, it is not prone to abrasion and does not change 
the electrical properties of the surface. 

When used on an armament, the treatment can be 
applied selectively to alter the silhouette of the 
vehicle or to change the signature obtained from the 
vehicle under laser radar interrogation. Such treatment 
is effectively a form of electronic camouflage. 

Similarly, when the surface treatment is 
applied to a radiating surface such as aluminum, a large 
number of overlapping pulses produce an almost black 
oxide coating as noted in Figure 6, providing a very 
good emitter and therefore enhancing radiative cooling 
efficiency. This is particularly beneficial on 
spacecraft where radiative cooling is a dominant effect. 

With the treatment described above, the 
overlapping of the pits 18 produces fine grooves on the 
surface and with repeated scans a bulk surface area of 
the desired characteristics may be produced. As best 
seen in Figure 22, a particularly beneficial effect may 
be obtained if the radiation does not impinge normally 
to the surface. The axis of the last 10a is inclined to 
the surface of the material 12a to produce lines 18a as 
noted above. It has been found that when the laser 
radiation does not impinge normally on the surface, then 
the grooves created are undercut or angled with respect 
to the surface. Such angled grooves produce a change 
due to both components of reflectivity, that is spectral 
and diffuse reflectivity, being altered. This again can 
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produce a pronounced effect leading to a reduction in 
the reflectivity of the surface. 



By processing only selected areas of a surface 
so as to decrease the reflectivity of these areas, the 
average reflectivity over a large area can be 
effectively reduced. This eliminates the need for 
processing an entire surface so as to reduce its average 
value to some desired level. For example, in Figure 9 
selected areas of the surface 14b have been treated as 
indicated at x. if ttle reflectivity of the untreated 
surface is R A while that of a treated strip is ^ , then 
the average reflectivity, R, of a sample of total area A 

15 r^ 119 3rea X ° f treated SUrfaCe is R = *** + R, (A— 

X). For example, if a = lm* , X = 0 .5 m' , and R A = 0 .9 

while Rs = o.l; then the average reflectivity of this 

surface is reduced to R = 0.5. This significant 

reduction in reflectivity has been accomplished by 

processing only 50% of the surface. 

The treated areas may be arranged in random 
patterns across the surface or may follow a 
predetermined pattern to produce a desired effect 
Different areas may be treated in different ways to 
provxde a maximum effect at different wavelengths. 
Similarly, the treated areas may be applied to selected 
areas to change the silhouette of a vehicle when 
interrogated by laser radar. 

It will be apparent that the surface treatment 
may be used in a number of ways to provide a change in 
the reflectivity of a surface. the exact nature of the 
treatment is variable to produce particularly desirable 
effects such as a minimum reflectivity to a particular 
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wavelength or a black oxide coating to maximize 
emissivity for black body radiation. 
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CLAIMS 

1. A method of modifying the reflectivity of 
a surface of a material comprising the steps of 
irradiating the surface with a beam of coherent pulsed 
radiation at a power sufficient to generate a surface 
Plasma and scanning said beam across said surface. 

2 - A me thod according to claim 1 including 
the step of promoting chemical change at said surface. 

3. a method according to claim 2 wherein the 
chemical change is promoted by providing a localised 
atmosphere at said surface. 

4. a method according to claim 3 wherein said 
localised atmosphere is selected from the group 
comprising oxygen and nitrogen. 

5. a method according to claim 1 wherein said 
beam scans said surface at a rate to cause successive 
pulses of radiation to overlap on said surface. 

6. a method according to claim 1 wherein said 
beam xs inclined to the surface of the material. 

7. a method according to claim 6 wherein said 
beam scans said surface at a rate to cause successive 
pulses of radiation to overlap. 

8. A method of reducing the average 
reflectivity of a surface of a material comprising the 
steps of irradiating said surface with a beam of 
coherent pulsed radiation at a power sufficient to 
generate a surface plasma and scanning said beam across 
selected areas of said surface to reduce the 
reflectivity of said selected areas, the average 
reflectivity thereby being reduced as a function of the 



O 8905707A1J_> 



SUBSTITUTE SHEET 



WO 89/05707 



PCT/US88/04537 



- 16- 

reflectivity and the surface area of the selected areas, 
9. A method according to claim 8 wherein said 
selected areas are arranged in a random pattern on said 
surface. 

5 10. A method according to claim 8 including 

the step of promoting chemical change at said surface. 

11. A method according to claim 10 wherein 
the chemical change is promoted by providing a localised 
atmosphere at said surface. 
10 12. A method according to claim 11 wherein 

said localised atmosphere is selected from the group 
comprising oxygen and nitrogen. 

13 . A method according to claim 8 wherein 
said beam scans said surface at a rate to cause 

15 successive pulses of radiation to overlap on said 

surface. 

14. A method according to claim 8 wherein 
said beam is inclined to the surface of the material. 

15. A method according to claim 14 wherein 
said beam scans said surface at a rate to cause 
successive pulses of radiation to overlap. 

16. A method of changing the signature of a 
surface when interrogated by laser radiation comprising 
the steps of treating selected areas of said surface to 
reduce the reflectivity of said selected areas. 

17. A method according to claim 16 wherein 
the reflectivity of said selected areas is reduced by 
irradiating the surface with a beam of coherent pulsed 
radiation at a power sufficient to generate a surface 
plasma and scanning said beam across said selected 
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areas. 



said ..i l"'* * methCd accordln 3 *° <aal» 17 wherein 
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